R A

R R B BRATH A T R g ?

Silke Schmidt

https://doi.org/10.1289/EHP4869-zh

X2 ST YRR B T AT R L SR R 1 T L . )
1, 1990 A ) GFE T TIEBIEZE)  (Clean Air Act
Amendments) 1X7E 2010 FFE e T K2 16 /5 NFET-FI 8.6
JIMNERE. "R, BRRER 2 R TR, 205 Y A S A
SPEIRATHI M o

KR i T 5 208 A K5 LWl e N & R0
WA . 2 B, KIREN S SBANEATR, A
SEME S NGT A T ANEG A>T, 2018 FFEHE L
K211 Matthew Neidell A0 A 2 2 H WV 57 0 A% 1)
Joshua Graff Zivin 538, “HriI45F 72k T 57805 MA
FVRAFLRHI TN, IR A AL LB s i TE AR AN 7E
. B NS SR B RS AT BE T A BR A A 2 K A SR .

ERIESISIAERMERS

At 2 e AR R AR R i R B ) 2 U A
fa. HTAET GEETUE) , TR 280 1% 5E 1)
PN RIG R HATAR I, ° 13 BLIRIBIT FEN S AN A AR AR AR
BEOMXGR. 5, XNEEEMMSaE 7 EEHE
FHGNIZE R4 T 2Dt XU RN B R
[ SEE I R E (BPA) HHh Bl P A5 Yk L 1)
A

EPA R 5 I MM 2 S (o bn s Jey: ks
Yo (PMD MRS IR, AR AR,
PURHT. PMOBLSE AR, ) BF K LAl A AT E 2%
PSHETBU 2 R AT 7 22 P AR R R 2R B AR AR . R A=
AN FARL S GBS R BE . FERIEE LAY (VOCs) -
18 &) DU R AR A -

SRR E FRAE A A, (R EATRT DAL 2
HEWN, AT RRER I AR AR = N R, Eetn,
KIE N1 90% IS B #RAEZE N o © BING R IR LA =
WA T 5b . (HRM K R R VPR B B H3% Joseph
Allen & H T AN TG QM WUATAL % AfReiE. “X3K
ATAERAE R FUD N A [B) 25 8 HE 25, — AN S o SR aT
B, BAIRE TR SR NREE L ESEEAK
RBEREMETI L. “T5RDEEER IR T ERE5H
N BHRREMENGRIA L . B PRRERS
T, BT =AML .

FEWTGGERM T EZFR G TSR, B, PM 2 H
RIERMEA SRR WL E A BUR AR 5
L MY DA K AR AR IR ) S A T VOCs FEAIR TR 78

(IR R E)

032002-1

50855 b N\ L o BRG] 52— A SCH HTMLSZ REAREY https://doi.org/10.1289/EHP4869-zh.

s B TR WEFI RIS BRI S B A RS
il B B H A R

FAIG YA AR E . W R R I, B
Ly Pl wE AN Sk k>, fET Y, NS
FE AR B VOCs 8 2 AME WL S5 G0 B o () b o) 22
P i A B R b .

Allen Ui, X—KILHEHR T VOCs FIAHNS BT, <A
ARLZ R EA VA EE NG R fhul, “Br T =4 RS
T RR S A, FRATTBLAE IR AT = N 2505 Y IR 25

RYE 2018 4F (AFKESMED)  (State of Global Air)
S, TS A 95% I IRFIRAME R =<, 1
YHSRTRIY) (PMa.s) WREEATI AR iy Tt R AR 2 10 pg/m?
bR K, ZAH PMys. % N5 A A 4
B A EREE VU R N MR R 3 o 3X 35 b 3 2L (13T
T NEAG T 5 AERIET N 11.2% -

TEAANTE ()25 G T V8 22 2R FLAS [ AU i 58\
AU RS TE T 2R e 52, T Lk it — 2Bt
X (g R i 7 A= P B b (1)

SRR KIAYFEHARZ N

2 EFAS Tl VK 2 fe BRI AN L) | #09% Matthew
Neidell FFUGXF 2805 Y FI NRAE = AT R S0, At 2
MG TAERINEE OISR R T EHF, B a5
HlE =N T OInH LS TN FIAR S5 i (45
FHER CRERRE G 5T 3T TR .

Neidell R FT/NAE 2] T —EUUEE, RHEIITS
HHKETE S TP 8 N REA R A ATIZE R Iy .t 57
TSR AR, “BATRI, fEFSI5Y™HE M H
TH, AT TSR R R AR D, RS A] Rk
% . 7 Neidell VL1, AbHEI AL 53 T 0] GE7EA B 5 D5 (1 1%
LT IR E S ARG LR ET MR, BT DAL B A R TF
SRR E L . >

XGRS AT LA, H LT TE (42 B 2 hT e 2
ERKH. i, IBZHLERTE 2014 54 28 KBl T EPA &
SR EFEEL (Air Quality Index) 150 CGX—HUE# A AT
NBHERAE?) o "2 an S = gy vy 53 T A5 5 Al 5
— AR S AR R IR BB AZLER T A iR
NI TAE# & b, AEE TR 2S5 e 3% 2 150
PR KA A7 b ) A 7= S = AR s 3 e 3.7 423606, !

NTHRZE PMys & B2 WA RITNRE,  Neidell It 1)
BN ES I M LIEFR 38 5 it 2 A ATI A0 AT T3 10 4RI AR e

K
PaS
=

127(3) 94 2019


https://doi.org/10.1289/EHP4869-zh
https://doi.org/10.1289/EHP4869-zh

AL R R AT DA E S Y, TUSRELACTY 90% BN (R A4 5 A BEI

20 D 70 FEATINFY— L6 R R HURAR U= N5 M R AR

F) 20 t4d 80 AR, TRAEFLEA R IR 4R HIMTELE S50k . 2 B ESIP R RS, WAl SR EE %I %68 (Leadership in Energy and
Environmental Design®, LEED) iR 3% 4 il B B E 2% . >? Image: © Pavel L Photo and Video/Shutterstock.

R 500 F8HL (S&P 500) [, A4 HAE i e N T
RS bR, RIS 1 PMys K5 RS 5 Al
R TG B, fESEHA 43 N FEEm, FRELR
DL T 5 2 S0 B (A7 TR I b ORER

NTRREIX— KRB, Neidell 1§ H 30 7R WA F0BE
MRS TT e S BT B 2 RSB T Ry o X T I SR8
ORI, XTI RE R AT %) ke SR 1 DRSS B A ) 4%
Tt A HENE

— T A BT AR R R AR, 1O R E R
¥, fE Neidell FIBF70H B FFE 5 24149 PM, s I7KTH 56
B, M SCHE T AR, EAh, B SRR 500 5%
Z A R N R Sl s o, 38— MmiEZE
MRS G 5 9 R R R BE 11.9% A RHK.

K—RIWEAZ R, BB M AR 2 7E
BAEEMEFEFRBURRRES, EESE. Pk
1, —FI0A 10 2 585 E MR EZ LA 7 W F A AR,
Rk, 18

N BRI S A 4518,  Neidell H AT IEERET—I0
AW 7E, MEHE LK 2222 AR [ Y s g 77 /2 1 Bl & 41

(RS RRE)

032002-2

PM, s KT AR T A AL, HBE A 2P Al 22 A TR KK
RIS .

XTI 5L Allen®UT (K —T0U% 9 235 G40
FUTT A8 5 1970 4E1)— A5 Je LI W FAHR
AP0, A UGS [ R3S Qe A A K P-BERL A3 O 4 0 A =
2 5%, RJEERMATE L REHN 7E i — AR
o Z5FENNHI BT 2 H 0B N G 2 gRE—
R, 1 ELAREAS NERAT 40 1) SR .

FE VOC AR R 2 AF T, R 1 7 ) B AL
o R BT M BRI W FEN 5345 HH AR (BL ) 4
W, ZEAARE AR DR O E SUR S RE R
PERE AR S . Allenl BAJG R — 00 FE A B, AT AT
AE R PO SR CUnAE AT RIS h A — B 518 7¢
7)) WHAEARIREE — AR R L bR R SR 0. 2 IR — K
BUHE— 2D SR T ZRABRA N — RE AR B AT BT 78
. 2

FERAIN A TAEF BT, 2 A DR X
RGN, AR VOC /I AR 5 18] Ik 7 e &= 5
o Allen I TE/INEAGSE, 7ESRIE M UIRTE RN, RS

127(3) 94 2019



BURD AR L BRI DL RIS R IO R HT, irb 7 R R ARG

Qi) T TS DA R AL AL 2

FEAEM VOCs 2R3 T HiL X )=

M LA S5 G L il S 4 T B R34, 7 Image: © iStockphoto/cgering.

T8 RUSAS IR AR AE AN H AT AE N5 5380 20 S 7798 R (efm/p)
B N8 40 279 (efm/p) o ARATITIE, B4
TN REVR A B 2 B NEAM N 40 T, HEH TS
THEFEER, AR RS T E FIRE 6500 201K
%ED 23

IR, AR RN A I B4R B R [ B4 ik
KRBT A .~ Alleniftil, “RERFAILIKE, AA15E

SIFA M BRI R, 7

HABRIBEF, JCHAZ =N 4, HE5H8 S Allen 4R
T80 YONRIRRE L AT RE 4R T BRI K DI RE, A
REIPARER AL TAE NG, %,

B, PGP IS IR RNEAT RS (Pompeu
Fabra University) i 20 A 3t A ##% Jordi Sunyer 45
SRR, HEMSSEA K GG BT
AN T RR AR AR R A kB, 2 ERLES, HE
PM, s /KPRy, A AR TE e B 1) B AR B R 5 1 (Bagrut
exam) HRIRILHUBRZE ,  JE T 2520 B 5 L. 2 iR e
28-30 & M ABEIRER B R, H i RBGE K PMy s 7K-F
5 10\ A RS 1 v OB AR I A O R

(RS RRE)

032002-3

SRS KRR <EIRZ N

Fofth—SERF SR A 1 AR ) LA L2 K R 5 = 2F
MIsem . =46 EL P K 24 1Y Frederica Perera [ 1 BAZE X J7 TH
HAT TIFEIMERIEE T, UEBIIG )L AT 588 TS 23
HRRE3G NI BIREA K.

HARWE R, (£ 5 ABULEIAR KA ZE T+
IR AR ST G, 20272 KK B FHETE &R
%85 Cautism spectrum disorder, ASDs) FJXU:, 2230 Mifij
SN A JE UK P XEEE N S, KA It
FORIAIA 25 5N ENRE S R A B SR AT PR A %
E;éo 2,32

ST AE 1 EEAT 1) — T AF S B /N e 5 L TR
KM BRI AEIT 162 N, il 2.5 T ILE
RSN B2 EARRPERE AR, RS T 8w 12 05 Gt 2
STy RE N A RE, I ORI 3495) BEg LA
WA ETR) REMAPEELR. P

WEFEN FOR B LR (2010 4R 2014 4F) %0
FIE S G5 P ER T 402 A7 S50 2 sk 0 20 A0 5
YR SRS, IR E TSR EREG, (H5 KRG
FE 5 1 oAt XK AR 2

127(3) 94 2019



-
L ——

F I R 27 T3 % °- ) 2404%. Jiu-Chiuan Chen 3, 11X
FERURBR . AERe IS R, R R W] A8 i v R KR A B PR
VAL, S ELERII A N R AT BRI R 73 B
L N2 B R BRI 551 5 205 e B S5 1)
KIetE, REEEWMH SIS IOKPER, X—45RrE
EEAN A Al et FIFEIE A

“EATE CHIBE TR IL T RALRIEE, REME R
P THAFEVE AN 2 B F 227 . 7 Chen Uk, “TE R I Hh
X, *® K PMys 2555/ DHERER NR ) FREA L
e, R B2 2 DR AT B 0 K B R BRI
[RERPEI S 5.

EMATTRI e, AE# HF IR 18R (Wechsler
Abbreviated Scale of Intelligence) & T 1Q 434, *® @it
TNEA 2B 2 5 T R BB (P TE & —TiE 1) &3, {2 Chen
fath, PIERIRT ISR S AER] 1 154E R0 i Lilian
Calderén-Garcidued 7F {5 YA 5 H AT W 9E . Wt H AT
HTAKT5h (Missoula) 5 KE K% (University of
Montana) , fEATH 2047 b2 5 — A4 23 S5 AP IR AT
PRI BRI R 225K, W AE 282 75 BRI AR R R gk AT

(RS RRE)

032002-4

==
& =

FUEHER W], 253 Al e DT AE = Iy AR M sema . — MBI S SR, HEE PMys 7K-PTHE SIRERAE 5 RT3 R e R4 R I
o IXPTRE R AR KA T 35 R . Tmage: © iStockphoto/kasto80.

—

WHFC, 4 BlG RIERE LB AR BT, JE W T T — B
LB R.

YIS - EhESISRIRYESTHT

Calderon-Garcidued JF-QIVE 9 700K T Michelle Block
XA G RILA] B R . BLE 2002 £, Block
B G Tt 5 o s, XA URE LRI AR — A R Bl
FRECF)THNE . 1100 5 2, REWSHR I T 2805 B bl LRy
TR RS R WA S Y 4 i A 5 o — TR KBk, RN PM, s
I VOCs B VF 2 A Rk 22 5 I B AR IR G

BRIM, XA W REFT Y Block A&k, WhINFEZENSE
LR AR AR A Y R 22 . Whd, A2
A S5 AT IRAN N 21 JER TR L5775 G LA b A= )i A5 3 N
NP

— e SR K IE SO T AR B S SRR
FER I RTURE T Fe e ik MR B8 2 S i o ot 108 K i, 2728 4k
I 555 — L 15 B AL R 4B 29 1000 A2 A& G A LTI AL
AR SCRR A, AR DRI I4HM (oligodendrocytes)
EILRRAIE Castrocytes) FIZNERAIM (microglia) »

127(3) 94 2019



WHERM], BRI SHRREGTE TR, RN B R R IAE S0 2245 HUA BN KN . ° Image: © Hero Images.

Block Uit A9E = I E T B G A g A b 4041eqk
SEZBG B AT 7 1] 2 S Rl Ml 453477 2 e 36 3k A0 B I 3 R
AP 2 (IR 15 DN S S R 5K /5 A (L8 1572
i, “FRATBRZ Jollti i ey o

Ttk B RNENERE, 2080 5o Hmer2
FH 0 P [ 1) S A0 i —— N R 4R A 51 R
(in vivo) RISl Cin vitro) WFFIIRY, 2535 W2 805
XY IE 5] KR FE. ** Block 7£ 25 TSl E S AR
T AL AL, /N IR 5 5 T vy D DR X 38 L ) B S g e
Fl, ORI AR 5 ER MR R -, RN
RS A N RN AN 2 S S O

“PATCAENEAR 2 T/ NS A MR A [FAE FH LR e
AT 5 FE e g% RGAH BAE . Block $iiE, “BESR
NI A0 B AT DA RR I (025 ST FEAZ, BATA A S5
YL AT BEIE TR /N 5T 4H 6 P S Pl AT 50 A R K i £ DA %
A1, IXANHEW LT 2 AR, (HIEEE SRR,

YERRINB“NZ G N, /N 2 i H i R R —38 2
RAEBIA RISl IR 2 0 R A AT
HZER) . Block WH, BEEKIARBEATSISEYT, K
XA M AR /DR BB A A 7 AT B R E

(RS RRE)

032002-5

5, dE RS 1 RE AN AL B X PP AT B 20K
Wi R B AT Re = LE RPN R, MR T S RI5 42
WATIE I T AP B AR B AT 1 B 1 R

Block 5 i, X e (I 1 AR AE SEIR AR b 58 42 TG
WE . AR S AT AN A B R 24% Lucio Costa X It
LR .

“HF R mAK AR, RS RIE s a
PERON & — TR H A2 2% FL . 7 Costa ULil, “FKINA/MEK
AR S AN 28 8 & R 42 384T 1955 5 TH 3 ¥ 6 A% O
A, RT3 ORI AR 1 LRI DA S A A S e 3 1 A
2N VR 2 40 R 2 .

Costa 1 Block % AR A 78 77 101 — 23 A8k . A
FBIA MK BT BABATE 245 H 1 A A 35 22 8 10 K i P44 A
FAN TR E A 404748 Sy s TAESR AL T A%/ AR
Fro AATIA N M35 FEAST B T-PEAS S A 44 R FH

ETREBMMAAL?

A Ak, KB BN CH K TR I 5] EPA
WA e, DR A SRR R R . i
FIRIBA M2 S B4 — 26 1 PR 23041 B ) 7

127(3) 94 2019



PORAN LT e 3 = R N N UG T R AT
Al GE G A JEM AP . Image: © Maren Winter/Shutterstock.

JUBEZETG, BEFN TR T U6 A5 FH O 6 1 0 85 SR 1 i v 2
BT IARE

ST PMys, T3 09— S99 35 g 5 15 45 (1) = %
RE ST BN SR BT, 4 - E
A TR 2E I B S T RE R #09% Kirsten Koehler it
18, “{H/2 VOCs HI T/ 2% (L PMys] SEXEDI &, 4
BURL I B AR T B PR

£ Koehler #ATIITH 1, 7T R AL R PEFEHBIX ) 2
SLEREE T AR N A P g R A, BT NG
FENTFRER I SCEDE R . BT E R, B
FEN A ZE ] TS5 WK P B2 5 5 0l St 4
A K.

RAEBEANEENE ), *©(ER BTN 65 B/
BTt A NEER, 7032 (1) 55 b Vs R A e X s I H
ZJa, SRR G g m . (EF AN
XA 7 2Tl e — PR mAR L S st Tk, T
WD YR NECE B AE. »

X— RIS AllenfF H [ a0 N AR S5 ] B
FEARR R T SR IR it S e R R A

(RS RRE)

EX ok B S LR RS SRR O T ORI A )

032002-6

~~an

St !i
T
L

¥ S ol

/N5 240 L

e
-

P

Bt RA A Bz —, AATTIAE N 2SN E K T E 5
THE BTN ETAEN RHATINRIRE TS . 12 B BAE s 0
AR IP AR ST GN), AATIS AT o s A kU B
A TAENREREE . SO R ReTFHLN AR
A LUNZ: 532 4R A 40 A0 58 BON FTR A o

ANAAS I 27 AR SRRl A 723 =05 B M 85 O R
TEAL T 28 78 BRI 5 1 26 EU N (17 £AB (Imperial
County) , Paul English 75 Bly 24 3 J B i i 00 g £9¢ 15 4%
H R FR B DL, 12 M 0 PR 2% 2 56 (5] i K1) X 2 A et
W2z —. 20 ZER0) PM RIS T A28 R, IS
HHELERRAGERER, ATAURBEEN ZRGE SRS
FARMEEN . EHEANFE R Y, sEFE G2 iE
o MIN A TAH (California Department of Public
Health) (¥) & 0RHE 0 A English iy B3 AN /R V8 RE UK HoAh
XIS HE .

IX TG Tt 22 (=8 J3 5T BT A8 S A A HR 8 7 S R P
NEE, BOIEXNXEER AT T 5 RA K a s
rZE I AR, S M X IR e )L EE %
FNEFRN, AT AN G K FE o

127(3) 94 2019



Koehler X A A4 DX IS TAFR R BB “FEMILL R

R SGE 2 AURE R BN R DT, FIA st 5 R
NERAGEHE T B B B F T BT ik, X2
H, "

Allen 5, R AL AR B S RFA N 2 5 120

RHEE, UYL BORIIYUE S J5 2 I B 3R 4 5)
(o URILPTA IZLEAN ] GBI — R T —FF B2
TRV AT AR R T — i 2 RINEE R 5L
R 5% 5 N TINS5 70 2 18] 2 AR SR 46
W, bR, KON T EATSR RIS . 7

Silke Schmidt, &, JafErERRE MmN, BERTRE. @
RERIFR I 3 &

References

1.

(RS RRE)

U.S. EPA (U.S. Environmental Protection Agency). 2011. The Benefits and
Costs of the Clean Air Act from 1990 to 2020. https://www.epa.gov/sites/
production/files/2015-07/documents/summaryreport.pdf [accessed 12 March
2019].

. Kilian J, Kitazawa M. 2018. The emerging risk of exposure to air pollution on

cognitive decline and Alzheimer's disease—evidence from epidemiological
and animal studies. Biomed J 41(3):141-162, PMID: 30080655, https://doi.org/
10.1016/j.bj.2018.06.001.

. Ebenstein A, Lavy V, Roth S. 2016. The long-run economic consequences of

high-stakes examinations: evidence from transitory variation in pollution. Am
Econ J Appl Econ 8(4):36-65, https://doi.org/10.1257/app.20150213.

. Graff Zivin J, Neidell M. 2018. Air pollution’s hidden impacts. Science

359(6371):39-40, PMID: 29302005, https://doi.org/10.1126/science.aap7711.

. U.S. EPA. Outdoor Air Quality Data: Air Data Basic Information. https://www.

epa.gov/outdoor-air-quality-data/air-data-basic-information [accessed 18 March
2019].

. U.S. EPA. 2018. Indoor Air Quality. Report on the Environment. 2018. https:/

www.epa.gov/report-environment/indoor-air-quality [accessed 11 Dec 2018].

. McDonald BC, de Gouw JA, Gilman JB, Jathar SH, Akherati A, Cappa CD,

et al. 2018. Volatile chemical products emerging as largest petrochemical
source of urban organic emissions. Science 359(6377):760-764, PMID:
29449485, https://doi.org/10.1126/science.aaq0524.

. Health Effects Institute. 2018. State of Global Air 2018. https://www.

stateofglobalair.org/ [accessed 11 December 2018].

. Zivin JG, Neidell M. 2012. The impact of pollution on worker productivity. Am

Econ Rev 102(7):3652-3673, PMID: 26401055, https://doi.org/10.1257/aer.102.7.
3652.

. Chang T, Zivin JG, Gross T, Neidell M. 2016. Particulate pollution and the pro-

ductivity of pear packers. Am Econ J Econ Pol 8(3):141-169, https://doi.org/10.
1257/pol.20150085.

. Chang TY, Zivin JG, Gross T, Neidell M, et al. 2019. The effect of pollution on

worker productivity: evidence from call center workers in China. Am Econ J
Appl Econ 11(1):151-172, https://doi.org/10.1257/app.20160436.

. U.S. EPA. Outdoor Air Quality Data: Air Quality Index Daily Values Report.

https://www.epa.gov/outdoor-air-quality-data/air-quality-index-daily-values-
report [accessed 3 April 2019].

. Heyes A, Neidell M, Saberian S. 2016. The effect of air pollution on investor

behavior: evidence from the S&P 500. NBER working paper no. 22753.
Cambridge, MA: National Bureau of Economic Research. https://www.nber.
org/papers/w22753 [accessed 11 December 2018].

. Dohmen T, Falk A, Huffman D, Sunde U. 2010. Are risk aversion and impatience

related to cognitive ability? Am Econ Rev 100(3):1238-1260, https://doi.org/10.
1257/aer.100.3.1238.

. Rabin M, Weizsécker G. 2009. Narrow bracketing and dominated choices. Am

Econ Rev 99(4):1508-1543, https://doi.org/10.1257/aer.99.4.1508.

. Coudert V, Gex M. 2008. Does risk aversion drive financial crises? Testing the

predictive power of empirical indicators. J Empir Finance 15(2):167-184,
https:/doi.org/10.1016/j.jempfin.2007.06.001.

. Whaley RE. 2009. Understanding the VIX. J Portfolio Manage 35(3):98-105,

https:/doi.org/10.3905/JPM.2009.35.3.098.

18.

19.

20.

21.

22.

23.

24.

25.

26.

21.

28.

29.

30.

31

32.

33.

34.

35.

36.

032002-7

Meyer S, Pagel M. Fresh air eases work: the effect of air quality on individual
investor activity. New York, NY: Columbia University, Columbia University in the
City of New York, Columbia Business School Research Archive. https;//www8.
gsb.columbia.edu/researcharchive/articles/25560 [accessed 11 December 2018].
Allen JG, MacNaughton P, Satish U, Santanam S, Vallarino J, Spengler JD.
2016. Associations of cognitive function scores with carbon dioxide, ventilation,
and volatile organic compound exposures in office workers: a controlled expo-
sure study of green and conventional office environments. Environ Health
Perspect 124(6):805-812, PMID: 26502459, https://doi.org/10.1289/ehp.1510037.
Lewis J, Baddeley AD, Bonham KG, Lovett D. 1970. Traffic pollution and men-
tal efficiency. Nature 225(5227):95-97, https://doi.org/10.1038/225095a0.

Allen JG, MacNaughton P, Cedeno-Laurent JG, Cao X, Flanigan, S, Vallarino
J, etal. 2018. Airplane pilot flight performance on 21 maneuvers in a flight sim-
ulator under varying carbon dioxide conditions. J Expo Sci Environ Epidemiol,
PMID: 30089876, https://doi.org/10.1038/s41370-018-0055-8.

Satish U, Mendell MJ, Shekhar K, Hotchi T, Sullivan D, Streufert S, et al. 2012.
Is CO, an indoor pollutant? Direct effects of low-to-moderate CO, concentra-
tions on human decision-making performance. Environ Health Perspect
120(12):1671-1677, PMID: 23008272, https://doi.org/10.1289/ehp.1104789.
MacNaughton P, Pegues J, Satish U, Santanam S, Spengler J, Allen J. 2015.
Economic, environmental and health implications of enhanced ventilation in
office buildings. Int J Environ Res Public Health 12(11):14709-14722, PMID:
26593933, https://doi.org/10.3390/ijerph121114709.

Sunyer J, Suades-Gonzalez E, Garcia-Esteban R, Rivas I, Pujol J, Alvarez-
Pedrerol M, et al. 2017. Traffic-related air pollution and attention in primary
school children: short-term association. Epidemiology 28(2):181-189, PMID:
27922536, https://doi.org/10.1097/EDE.0000000000000603.

Perera FP, Rauh V, Whyatt RM, Tsai W-Y, Tang D, Diaz D, et al. 2006. Effect
of prenatal exposure to airborne polycyclic aromatic hydrocarbons on neu-
rodevelopment in the first 3 years of life among inner-city children. Environ
Health Perspect 114(8):1287-1292, PMID: 16882541, https://doi.org/10.1289/
ehp.9084.

Marcotte DE. 2017. Something in the air? Air quality and children’s educational
outcomes. Econ Educ Rev 56:141-151, https://doi.org/10.1016/j.econedurev.2016.
12.003.

Bharadwaj P, Gibson M, Zivin JG, Neilson C. 2017. Gray matters: fetal pollution
exposure and human capital formation. J Assoc Environ Resour Econ
4(2):505-542, https://doi.org/10.1086/691591.

Wang P, Tuvblad C, Younan D, Franklin M, Lurmann F, Wu J, et al. 2017.
Socioeconomic disparities and sexual dimorphism in neurotoxic effects of
ambient fine particles on youth 1Q: a longitudinal analysis. PLoS One 12(12):
€0188731, PMID: 29206872, https://doi.org/10.1371/journal.pone.0188731.

Costa LG, Cole TB, Coburn J, Chang Y-C, Dao K, Roque P, et al. 2014.
Neurotoxicants are in the air: convergence of human, animal, and in vitro
studies on the effects of air pollution on the brain. Biomed Res Int
2014:736385, PMID: 24524086, https://doi.org/10.1155/2014/736385.

Flores-Pajot M-C, Ofner M, Do MT, Lavigne E, Villeneuve PJ. 2016. Childhood
autism spectrum disorders and exposure to nitrogen dioxide, and particulate
matter air pollution: a review and meta-analysis. Environ Res 151:763-776,
PMID: 27609410, https://doi.org/10.1016/j.envres.2016.07.030.

Isen A, Rossin-Slater M, Walker WR. 2017. Every breath you take—every dol-
lar you'll make: the long-term consequences of the Clean Air Act of 1970. J
Polit Econ 125(3):848-902, https://doi.org/10.1086/691465.

Power MC, Adar SD, Yanosky JD, Weuve J. 2016. Exposure to air pollution as a
potential contributor to cognitive function, cognitive decline, brain imaging, and
dementia: a systematic review of epidemiologic research. Neurotoxicology
56:235-253, PMID: 27328897, https://doi.org/10.1016/j.neuro.2016.06.004.

Zhang X, Chen X, Zhang X. 2018. The impact of exposure to air pollution on
cognitive performance. Proc Natl Acad Sci USA 115(37):9193-9197, PMID:
30150383, https://doi.org/10.1073/pnas.1809474115.

Calderon-Garciduenas L, Azzarelli B, Acuna H, Garcia R, Gambling TM, Osnaya
N, et al. 2002. Air pollution and brain damage. Toxicol Pathol 30(3):373-389,
PMID: 12051555, https://doi.org/10.1080/01926230252929954.
Calderon-Garciduefias L, Gonzélez-Maciel A, Reynoso-Robles R, Kulesza RJ,
Mukherjee PS, Torres-Jardon R, et al. 2018. Alzheimer's disease and alpha-
synuclein pathology in the olfactory bulbs of infants, children, teens and
adults <40 years in Metropolitan Mexico City. APOE4 carriers at higher risk of
suicide accelerate their olfactory bulb pathology. Environ. Res 166:348-362,
PMID: 29935448, https://doi.org/10.1016/j.envres.2018.06.027.
Calderon-Garciduefias L, Mukherjee PS, Kulesza RJ, Torres-Jardon R,
Hernandez-Luna J, Avila-Cervantes R, et al. 2019. Mild cognitive impairment

127(3) 94 2019


https://www.epa.gov/sites/production/files/2015-07/documents/summaryreport.pdf
https://www.epa.gov/sites/production/files/2015-07/documents/summaryreport.pdf
https://www.ncbi.nlm.nih.gov/pubmed/30080655
https://doi.org/10.1016/j.bj.2018.06.001
https://doi.org/10.1016/j.bj.2018.06.001
https://doi.org/10.1257/app.20150213
https://www.ncbi.nlm.nih.gov/pubmed/29302005
https://doi.org/10.1126/science.aap7711
https://www.epa.gov/outdoor-air-quality-data/air-data-basic-information
https://www.epa.gov/outdoor-air-quality-data/air-data-basic-information
https://www.epa.gov/report-environment/indoor-air-quality
https://www.epa.gov/report-environment/indoor-air-quality
https://www.ncbi.nlm.nih.gov/pubmed/29449485
https://doi.org/10.1126/science.aaq0524
https://www.stateofglobalair.org/
https://www.stateofglobalair.org/
https://www.ncbi.nlm.nih.gov/pubmed/26401055
https://doi.org/10.1257/aer.102.7.3652
https://doi.org/10.1257/aer.102.7.3652
https://doi.org/10.1257/pol.20150085
https://doi.org/10.1257/pol.20150085
https://doi.org/10.1257/app.20160436
https://www.epa.gov/outdoor-air-quality-data/air-quality-index-daily-values-report
https://www.epa.gov/outdoor-air-quality-data/air-quality-index-daily-values-report
https://www.nber.org/papers/w22753
https://www.nber.org/papers/w22753
https://doi.org/10.1257/aer.100.3.1238
https://doi.org/10.1257/aer.100.3.1238
https://doi.org/10.1257/aer.99.4.1508
https://doi.org/10.1016/j.jempfin.2007.06.001
https://doi.org/10.3905/JPM.2009.35.3.098
https://www8.gsb.columbia.edu/researcharchive/articles/25560
https://www8.gsb.columbia.edu/researcharchive/articles/25560
https://www.ncbi.nlm.nih.gov/pubmed/26502459
https://doi.org/10.1289/ehp.1510037
https://doi.org/10.1038/225095a0
https://www.ncbi.nlm.nih.gov/pubmed/30089876
https://doi.org/10.1038/s41370-018-0055-8
https://www.ncbi.nlm.nih.gov/pubmed/23008272
https://doi.org/10.1289/ehp.1104789
https://www.ncbi.nlm.nih.gov/pubmed/26593933
https://doi.org/10.3390/ijerph121114709
https://www.ncbi.nlm.nih.gov/pubmed/27922536
https://doi.org/10.1097/EDE.0000000000000603
https://www.ncbi.nlm.nih.gov/pubmed/16882541
https://doi.org/10.1289/ehp.9084
https://doi.org/10.1289/ehp.9084
https://doi.org/10.1016/j.econedurev.2016.12.003
https://doi.org/10.1016/j.econedurev.2016.12.003
https://doi.org/10.1086/691591
https://www.ncbi.nlm.nih.gov/pubmed/29206872
https://doi.org/10.1371/journal.pone.0188731
https://www.ncbi.nlm.nih.gov/pubmed/24524086
https://doi.org/10.1155/2014/736385
https://www.ncbi.nlm.nih.gov/pubmed/27609410
https://doi.org/10.1016/j.envres.2016.07.030
https://doi.org/10.1086/691465
https://www.ncbi.nlm.nih.gov/pubmed/27328897
https://doi.org/10.1016/j.neuro.2016.06.004
https://www.ncbi.nlm.nih.gov/pubmed/30150383
https://doi.org/10.1073/pnas.1809474115
https://www.ncbi.nlm.nih.gov/pubmed/12051555
https://doi.org/10.1080/01926230252929954
https://www.ncbi.nlm.nih.gov/pubmed/29935448
https://doi.org/10.1016/j.envres.2018.06.027

and dementia involving multiple cognitive domains in Mexican urbanites. J  45. Chen J-C, Wang X, Wellenius GA, Serre ML, Driscoll I, Casanova R, et al.
Alzheimers Dis 68(3):1113-1123, PMID: 30909241, https://content.iospress.com/ 2015. Ambient air pollution and neurotoxicity on brain structure: evidence
articles/journal-of-alzheimers-disease/jad181208. from Women’'s Health Initiative Memory Study. Ann Neurol 78(3):466-476,

37. Oberddrster G, Sharp Z, Atudorei V, Elder A, Gelein R, Kreyling W, et al. 2004. PMID: 26075655, https://doi.org/10.1002/ana.24460.

Translocation of inhaled ultrafine particles to the brain. Inhal Toxicol 16(6-7):437—  46. Wilker EH, Preis SR, Beiser AS, Wolf PA, Au R, Kloog |, et al. 2015. Long-term ex-
445, PMID: 15204759, https://doi.org/10.1080/08958370490439597. posure to fine particulate matter, residential proximity to major roads and meas-

38. Block ML, Calderon-Garciduefias L. 2009. Air pollution: mechanisms of neuro- ures of brain structure. Stroke 46(5):1161-1166, PMID: 25908455, https://doi.org/10.
inflammation and CNS disease. Trends Neurosci 32(9):506-516, PMID: 1161/STROKEAHA.114.008348.

19716187, https://doi.org/10.1016/j.tins.2009.05.009. 47. Wilker EH, Martinez-Ramirez S, Kloog |, Schwartz J, Mostofsky E, Koutrakis P,

39. Maher BA, Ahmed IAM, Karloukovski V, MacLaren DA, Foulds PG, Allsop D, et al. 2016. Fine particulate matter, residential proximity to major roads, and
et al. 2016. Magnetite pollution nanoparticles in the human brain. Proc Natl markers of small vessel disease in a memory study population. J Alzheimers
Acad Sci USA 113(39):10797-10801, PMID: 27601646, https://doi.org/10.1073/ Dis 53(4):1315-1323, PMID: 27372639, https://doi.org/10.3233/JAD-151143.
pnas.1605941113. 48. Power MC, Lamichhane AP, Liao D, Xu X, Jack CR, Gottesman RF, et al. 2018.

40. Levesque S, Taetzsch T, Lull ME, Kodavanti U, Stadler K, Wagner A, et al. 2011. The association of long-term exposure to particulate matter air pollution with
Diesel exhaust activates and primes microglia: air pollution, neuroinflammation, brain MRI findings: the ARIC study. Environ Health Perspect 126(2):027009,
and regulation of dopaminergic neurotoxicity. Environ Health Perspect PMID: 29467108, https://doi.org/10.1289/EHP2152.
119(8):1149-1155, PMID: 21561831, https://doi.org/10.1289/ehp.1002986. 49. Tafford TM. 2015. Indoor air quality and academic performance. J Environ

41. Mumaw CL, Levesque S, McGraw C, Robertson S, Lucas S, Stafflinger JE, Econ Manage 70:34-50, https://doi.org/10.1016/j.jeem.2014.11.002.
et al. 2016. Microglial priming through the lung-brain axis: the role of air ~ 50. English PB, Olmedo L, Bejarano E, Lugo H, Murillo E, Seto E, et al. 2017. The
pollution-induced circulating factors. FASEB J 30(5):1880-1891, PMID: Imperial County Community Air Monitoring Network: a model for community-
26864854, https://doi.org/10.1096/f].201500047. based environmental monitoring for public health action. Environ Health

42. Block ML, Elder A, Auten RL, Bilbo SD, Chen H, Chen J-C, et al. 2012. The out- Perspect 125(7):074501, PMID: 28886604, https://doi.org/10.1289/EHP1772.
door air pollution and brain health workshop. Neurotoxicology 33(5):972-984,  51. Grineski SE, Collins TW. 2018. Geographic and social disparities in exposure
PMID: 22981845, https://doi.org/10.1016/j.neuro.2012.08.014. to air neurotoxicants at U.S. public schools. Environ Res 161:580-587, PMID:

43. Cope EC, LaMarca EA, Monari PK, Olson LB, Martinez S, Zych AD, et al. 2018. 29245126, https://doi.org/10.1016/j.envres.2017.11.047.

Microglia play an active role in obesity-associated cognitive decline. J  52. Riesenberg DE, Arehart-Treichel J. 1986. “Sick building” syndrome plagues
Neurosci 38(41):8889-8904, PMID: 30201764, https://doi.org/10.1523/JNEUROSCI. workers, dwellers. JAMA 255(22):3063, PMID: 3702012, https://doi.org/10.1001/
0789-18.2018. jama.1986.03370220021005.

44, Stevens B. 2015. Big idea: the brain's best kept secret. Popular Science,  53. USGBC (U.S. Green Building Council). 2014. LEED v4 User Guide. Washington
Health section, online edition. 22 December 2015. https://www.popsci.com/ DC: U.S. Green Building Council. http://www.usgbc.org/resources/leed-v4-
big-idea-brains-best-kept-secret [accessed 11 December 2018]. user-guide [accessed 4 March 2019].

CHRIE L e e Je B ) 032002-8 127(3) 94 2019


https://www.ncbi.nlm.nih.gov/pubmed/30909241
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad181208
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad181208
https://www.ncbi.nlm.nih.gov/pubmed/15204759
https://doi.org/10.1080/08958370490439597
https://www.ncbi.nlm.nih.gov/pubmed/19716187
https://doi.org/10.1016/j.tins.2009.05.009
https://www.ncbi.nlm.nih.gov/pubmed/27601646
https://doi.org/10.1073/pnas.1605941113
https://doi.org/10.1073/pnas.1605941113
https://www.ncbi.nlm.nih.gov/pubmed/21561831
https://doi.org/10.1289/ehp.1002986
https://www.ncbi.nlm.nih.gov/pubmed/26864854
https://doi.org/10.1096/fj.201500047
https://www.ncbi.nlm.nih.gov/pubmed/22981845
https://doi.org/10.1016/j.neuro.2012.08.014
https://www.ncbi.nlm.nih.gov/pubmed/30201764
https://doi.org/10.1523/JNEUROSCI.0789-18.2018
https://doi.org/10.1523/JNEUROSCI.0789-18.2018
https://www.popsci.com/big-idea-brains-best-kept-secret
https://www.popsci.com/big-idea-brains-best-kept-secret
https://www.ncbi.nlm.nih.gov/pubmed/26075655
https://doi.org/10.1002/ana.24460
https://www.ncbi.nlm.nih.gov/pubmed/25908455
https://doi.org/10.1161/STROKEAHA.114.008348
https://doi.org/10.1161/STROKEAHA.114.008348
https://www.ncbi.nlm.nih.gov/pubmed/27372639
https://doi.org/10.3233/JAD-151143
https://www.ncbi.nlm.nih.gov/pubmed/29467108
https://doi.org/10.1289/EHP2152
https://doi.org/10.1016/j.jeem.2014.11.002
https://www.ncbi.nlm.nih.gov/pubmed/28886604
https://doi.org/10.1289/EHP1772
https://www.ncbi.nlm.nih.gov/pubmed/29245126
https://doi.org/10.1016/j.envres.2017.11.047
https://www.ncbi.nlm.nih.gov/pubmed/3702012
https://doi.org/10.1001/jama.1986.03370220021005
https://doi.org/10.1001/jama.1986.03370220021005
http://www.usgbc.org/resources/leed-v4-user-guide
http://www.usgbc.org/resources/leed-v4-user-guide

	空气污染会降低我们的生产效率吗？
	室内外空气污染的组成部分
	空气污染物对大脑的短期影响
	空气污染物对大脑的长期影响
	生物机制：城市空气污染引起的神经毒性
	接下来要做什么？
	References


